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INTRODUCTION
Peatlands are a very important part of hydrological (storing organic materials and trapping pollutants, attenuating flood peaks and storm flows) and climatological (reducing the amount of greenhouse gases in the atmosphere, processing of carbon sequestration) cycles. Peatland ecosystems are characterized as unique biodiversity habitats: a natural home for variety of mosses, carnivorous plants, shrubs, etc.; nesting areas and hunting grounds for several species of mammals, birds and insects.
The peatlands are globally important terrestrial carbon stocks covering approximately 15% of the boreal and subarctic regions (MacDonald et al., 2006; BACC, 2008) . The Baltic Sea Region with its extensive substantial wetland areas plays a significant role in the carbon storage in vegetation and soils (BACC, 2015) . In Lithuania more than 25% of the territory is covered by wetlands of which 7.8% has developed into peatbogs (Povilaitis et al., 2011) . According to the Ramsar classification non-forested and forested peatlands cover even more -9.9% area of Lithuania (Tamins kas et al., 2012).
Globally wetlands are indicators and regulators of climate change processes (Kirpotin et al., 2009; Mitsch, Hernandez, 2013) . The peatlands are recognized to have the characteristics of self-regulating systems, and the extent of regulation is a function of the peatland type and the source of water and nutrients (Frolking et al., 2009 ). However, climatic and anthropogenic effects on hydrological cycles in peatlands are evident (Auterives et al., 2011) . In the past, hydrological self-regulating processes have been studied in Lithuanian peatland ecosystems. Researches of different extents and purposes were provided in Rėkyva (Gaigalas et Groundwater level (GWL) fluctuations in peatbogs study presented in this article are a part of "Climate Change in Peatlands: Holocene Record, Recent Trends and Related Impacts on Biodiversity and Sequestered Carbon (CLIM-PEAT)" project (www.climpeat.lt). It is a result of the Lithuania-Swiss cooperation programme run by the Nature Research Centre (the Leading Partner), the University of Bern, the Institute for Geological Sciences and Vilnius University and analysing different peatbogs distributed in Lithuania. The project explores the interconnections and interdependencies of peatlands ecosystems with climate (change), anthropogenic activity and sequestered carbon. Tree growth in the peatlands is mainly affected by groundwater fluctuations, with a high water table resulting in lower oxygen uptake and more limited nutrient assimilation by the root system. As a consequence, woody vegetation dynamics in peatlands has been shown to be an integrator of past water table fluctuations. Some scientific results of the CLIMPEAT project are already published (Edvardsson et al., 2015a; 2015b Povilaitis et al., 2011) . This article concentrates only on recent GWL fluctuations in these peatbogs. The main goal of the research was to find differences and similarities of GWL reactions to hydrothermal characteristics on various timescales (monthly and daily means, longlasting rains and dry periods). The importance of the soil type (in Čepkeliai) and the lake influence (in Rėkyva) on GWL fluctuations were explored. The determined relations could help making GWL projections to past (Holocenne) and future (up to 2100). Also it will contribute to the conservation and sustainable management of the peatlands through a better appraisal of impacts, and/or feedback loops between pedospheric, atmospheric, and anthropogenic activities.
DATA AND METHODS
GWL fluctuations and meteorological conditions were analysed in Čepkeliai and Rėkyva peatbogs. The monitoring periods of GWL in Čepkeliai and Rėkyva peatbogs are different (Table) : in Čepkeliai it covers from 7 to 10 years (depending on the borehole) and 4 years of monitoring for all boreholes in Rėkyva. Also the number of boreholes, soil horizons and measuring frequency were different in both peatbogs (Table) . In the Čepkeliai peatbog measurements were carried out in 10 boreholes (Fig. 1) during the warm season of the year (from 10 April to 20 October) at the last day of each ten-day period (e. g. 10th, 20th and 30th day of month). Measurement results are presented as the absolute GWL height (m). All boreholes were divided into three groups: boreholes in the sand (1-G, 2-G, 3-G, 4-G) , boreholes in a thin layer of peat (1-A, 2-A, 4-A) and boreholes in a thick layer of peat (3-A, 5-A, 6-A). Because the GWL in separate groups varies synchronously (statistically significant correlation coefficients exceeded 0.8), the average values of each group GWL were estimated in order to simplify the study. It is necessary to mention that the averaging was made only after filling data gaps. This was done using a difference method with supplementary data from other boreholes which belong to the same group. Also, additional data of daily precipitation and air temperature in 2002-2011 from the Varėna Meteorological Station were used.
In the Rėkyva peatbog monitoring sites are equipped will fully automated GWL and temperature meters (measuring interval is 1 hour). The GWL data cover a period from 1 March 2011 to 31 December 2014 (Taminskas et al., 2015) . The GWL is measured in 6 boreholes: the 1st borehole is located closest to Rėkyva Lake and the 6th one is the most far from the lake near an active peat quarry (Fig. 2) . The measurement results are presented as the absolute GWL height (m). Automatic measurements of GWL were carried out every day, while small data gaps were eliminated using innterpolation method. Only two periods were excluded from the analysis because of larger data gaps: from 25 January to 18 April 2013 in the 3rd borehole; and from 24 November to 31 December 2013 in the 4th borehole. Also, additional data were used (Taminskas et al., 2015) :
• Daily water levels of Rėkyva Lake with 130.77 m absolute height spillway;
• The daily precipitation amount and air temperature from the Rėkyva Automatic Meteorological Station and the Šiauliai Meteorological Station.
For possible comparison of the results between Čepkeliai and Rėkyva peatbogs daily GWL data in Rėkyva was adjusted for the same measuring period as it was used in Čepkeliai, i. e. 1 measurement in 10 days for the warm season (from 10 April to Kibirkštis, 2007) 20 October). The following GWL characteristics were used in the study:
• The GWL value before the warm season. For this purpose the data from 30 April were used. Annual monitoring starts at 10 April, but we tried completely to eliminate the possible effect of the late snow melt on following GWL fluctuations.
• The GWL value at the end of the warm season (20 October). Coincides with the last measurement date at the monitoring sites.
• The groundwater level change during the warm season. Calculated as the GWL difference between 20 October and 10 April of the same year.
• The groundwater level change within a 10-day period. Calculated as the difference between two consecutive measurements minus the mean warm season trend value. Integrated values of GWL changes were calculated for each ten-day period. It was obtained as a sum of ten-day GWL changes in a particular season up to a certain date (from 30 April).
The mean values of the three borehole groups (sand, thin and thick peat layers) in Čepkeliai and the mean values of Rėkyva peatbog boreholes were compared with meteorological parameters. The relationships were considered when a statistical significance was p < 0.05. The following meteorological characteristics were used in the study:
• The precipitation amount that fell during the cold period and the mean air temperature of the same period (from 20 October to 30 April);
• The precipitation amount that fell during the warm period and the average temperature of the same period (from 30 April to 20 October);
• The annual precipitation amount and the mean annual temperature (estimated for the period from 30 April to 30 April and from 20 October to 20 October);
• The precipitation amount that fell during ten days between the two measurements at the GWL monitoring points and the average temperature of the same period. Anomalies of these values (i. e. difference between the measured values and mean values of the same ten-day period in 1981-2010) were also calculated;
• Integrated values of anomalies of meteorological characteristics were calculated for each tenday period. It was obtained as a sum of ten-days anomalies in a particular season up to a certain date (from 30 April);
• The potential evapotranspiration (PET) according to the Thornthwaite equation (Thornthwaite, Mather, 1957): PET values were calculated for each month for the period from May till September; Automated hourly data from Rėkyva allow making a more detailed analysis of GWL fluctuations. Specific research was made only in the Rėkyva peatbog during the 2011-2014 period. First, GWL values and GWL amplitudes annual cycle relations with the precipitation amount were calculated. Then monthly maximums, averages, minimums of GWL were analysed in separate boreholes and combinations of all (1-6 boreholes), the nearest (1-3) and farthest (5-6) to the lake boreholes for finding a possible Rėkyva Lake effect on GWL fluctuations.
Also the influence of wet (lasting rains) and dry periods on daily GWL fluctuations was analysed in the Rėkyva peatbog in the 2011-2014 period. The analysis of the following cases was done:
• The cases of cumulative GWL change sums for 1, 3, 5, and 7 consecutive days. Two standard deviations (2σ) level used to find the largest GWL changes. The 2σ level was exceeded 44 times for the one day (GWL-1) cumulative change sum, 41 times for GWL-3, 46 times for GWL-5, and 44 times for GWL-7. The cold season and duplicate cases were excluded and the final analysis was made using 23 (GWL-1), 12 (GWL-3), 10 (GWL-5), and 10 (GWL-7) cases.
• The longest precipitation period (September 2013) case study.
• The cases without precipitation throughout ten consecutive days for the representation of the influence of dry periods on GWL.
RESULTS

Precipitation influence on GWL
It was found that on the average the GWL decreases during the summer in all groups of boreholes (Fig. 3) . The same effect was found by Ruseckas and Grigaliūnas (2008) in the Kamanos peatbog. The largest average decrease was observed in the sand (27 cm), while the smallest one in the thick layer of peat (8 cm). The unique decrease ratios of different soils clearly illustrate that the impact of rainfall anomalies on GWL fluctuations is uneven. In the Rėkyva peatbog, where peat thickness is unknown, an average decrease reached 10 cm.
Precipitation is the most important factor in determining GWL fluctuations during the warm season as well as determining the annual changes. The research in the Čepkeliai peatbog revealed that the strength of correlation depends on the type of soil. In almost all cases the correlation between rainfall and the GWL is the strongest in the sand, while in the thick layer of peat such relation is weaker. This can be attributed to the fluctuation range of GWL. Statistically significant correlations between the annual precipitation amount and the annual GWL changes in the sand and the thin layer of peat (Fig. 4a) , and between the warm period precipitation amount and GWL changes in the same soils (Fig. 4b) were found. The largest positive annual GWL anomaly in Čepkeliai was recorded in 2010 when the precipitation amount in Varėna MS was the highest since 1951. A very similar GWL anomaly was observed in 2005. The same sign of changes in GWL was also determined in 2007, although the precipitation amount was relatively low. This can be explained by the fact that during the first ten-day period of July 2007 the precipitation amount reached 114.2 mm and it led to a sharp and strong growth of GWL (from 0.23 cm in the thick peat to 0.54 in the sand). Such quick soil saturation could determine that despite the following negative rainfall anomalies the GWL annual balance remained positive. It is necessary to mention that in the first ten-day period of August 2005 the precipitation amount was even higher (193.6 mm) but the GWL growth was lower (23-39 cm). It can be partly explained by the fact that almost half of the observed total amount of precipitation fell on 10 August and there is not any information about the GWL observation time. It is possible that GWL was measured before the start of extreme rain. Moreover, GWL grew during the next ten-day period, although significant negative precipitation anomaly was recorded. On the other hand, there are several cases when after heavy precipitation events GWL remained unchanged or even decreased. This can be attributed to the unevenness of the summer precipitation field.
A statistically significant negative correlation between the annual precipitation amount and the annual GWL changes and between the warm period precipitation amount and GWL changes was found in the Rėkyva peatbog. Even though in 2012 the annual precipitation amount exceeded the 1981-2010 average by 35%, the GWL decreased most (12 cm). It was found that the relationship between the ten-day rainfall anomalies and GWL changes is statistically significant (Fig. 6 ) and varies from 0.59 (Fig. 6a) in the sand to 0.71 (Fig. 6c) in the thick layer of peat, what shows that the peat soils are more sensitive to short-term precipitation anomalies. Also the same sensitivity to short-term anomalies was found in Rėkyva peat soils (Fig. 6d ).
GWL relation with PET and HTC
If precipitation has a positive effect on GWL change, i. e. more precipitation increases GWL, then air temperature and PET should have an opposite effect on a warm season, i. e. higher air temperature and PET values should lead to lower GWL values. Statistically significant relationships have not been determined during the analysis of air temperature and potential evapotranspiration (PET) influence on GWL in the Čepkeliai peatbog. During the cold period of the year a correlation sign is positive, because more precipitation falls during the warm winters, while a relation sign is not so clear in the summer. No statistically significant correlation was found for both seasons in the Rėkyva peatbog, possible reasons already explained in the subchapter above. However, a weak negative relation between PET values and GWL change existed in the warm season in Rėkyva.
The correlation between ten-days GWL changes in the warm season and air temperature anomalies is negative, but in case of longer periods, this relationship is usually positive. The relationship between ten-day air temperature and precipitation anomalies during the warm period also has a negative sign (statistically significant weak correlation coefficient equals -0.24), while a record high amount of precipitation may fall both in warm (2010) and relatively cool summers (2005).
In both peatbogs, in most years a very high correlation was observed between the GWL fluctuations and HTC values, which combines air temperature and precipitation and describes the hydrothermal conditions of the warm season. The correlation coefficient between the GWL changes during the whole warm season and the HTC values reaches 0.72 in the sand. A statistically significant correlation was also recorded in the thin layer of peat. In some years the 30-day HTC index and the GWL change values of the same period are very closely linked. The correlation coefficient in individual years can exceed 0.95 (Fig. 7a) and 0.90 (Fig. 7b) .
Rėkyva Lake influence on GWL
The usage of daily GWL data allowed reconstructing the annual cycle in Rėkyva, while in Čepkeliai data were collected once in 10 days and only for the warm season (April-October). Annual fluctuations of GWL relative values (Fig. 8a) and its amplitudes (Fig. 8b) relations with precipitation amounts were calculated. The annual cycle revealed that GWL reaches the highest values in the end of April and the lowest ones in the middle of September. According to the precipitation and GWL fluctuations (Fig. 8 ) three seasons could be distinguished: cold (December-April), warm (June-October), and intermediate (May and November).
Because seasonal fluctuations are typical for the GWLs (Fig. 8) , correlations between all 6 boreholes were calculated in three seasons: cold (December-April), warm (June-October), and intermediate (May and November). For the evaluation (2012) HTC (2013) of fluctuation differences between six boreholes monthly GWL maximums, averages, minimums and its amplitudes were analysed (Fig. 9 ). The first 2 boreholes are closest to Rėkyva Lake; the 3rd and the 4th ones are situated on a watershed, the last 2 boreholes are closest to the peat excavation part of the peatbog (Fig. 3) . The evaluation of the correlation between the daily GWL values of Rėkyva Lake and peatbog boreholes proved that all coefficients are statistically significant (α = 0.05), except the correlation between the lake and the 3rd borehole in cold and warm periods. A possible reason is that the 3rd borehole is characterized by the highest absolute GWL values (Fig. 9) . Normally, correlations between the closest points are highest. In all periods, the highest values (0.89-0.95) are between the farthest boreholes from the lake (5th and 6th).
The reactions of GWL fluctuations on environment conditions are uneven in separate parts of the Rėkyva peatbog. They depend on the distance from the lake, absolute altitudes, thickness of the peat layer, plant type, and even from the season of the year. The fluctuations of GWL maximum (Fig. 10a) and minimum (Fig. 10b ) values in the peatbog are different compared to Rėkyva Lake's water levels. The GWL maximums are closely related to the extra water inflow, i. e. precipitation, snow and ice regime (Fig. 10a) . In the warm period, excess water could be stored in thicker layers of the peat, therefore GWL in the 5th and 6th boreholes are lower than in the lake. Closer to the lake more effect of heavy rain is felt. An opposite effect could be seen in the cold season: lower GWL values closer to the lake. Thinner layers of peats are faster in freezing and in snow covering. Water does not reach the GWL and stays on the surface. Thicker layers are slower in freezing; excess water could move into the peat and elevate GWL slightly. Maximums of GWLs are characterized in large margins of different sign compared to the lake level.
GWL minimum values are associated with water shortage, i. e. dry and hot conditions in warm periods and dry conditions in cold periods (Fig. 10b) . Because of more regulatory abilities in thicker peat layers, the 5th and 6th boreholes have higher minimum GWL in warm and intermediate periods. Differences of the minimum GWL between the lake and closest boreholes (1-3) almost disappear, i. e. fluctuations of GWL are very similar in the lake and the boreholes.
GWL reaction to wet and dry periods
The correlation of cumulative precipitation sums from 1 to 7 days with cumulative GWL change sums are showed in Fig. 11 . The correlation coefficients stayed almost stable (0.39-0.47) for GWL-1, and it was no matter what cumulative precipitation sums (from 2 to 7 days) were used. While in the case of GWL-7, the highest correlation (0.9) was set with a cumulative precipitation sum of 7 days and days from 1 to 5 showed almost no correlation. The analysis showed that the closest correlation existed for precipitation sums in longer cumulative period (5-7 days). It means that the reaction of GWL to high precipitation amount high- lights throughout a 7-day period, and if precipitation lasts up to 4 days, the relation is weaker, not so strong.
The correlation analysis showed a strong precipitation effect on the GWL change. According to regression coefficients it needs 36 mm of precipitation for GWL-1 to raise GWL by 1 cm, while the precipitation sum would be more than 55 mm for GWL-3 to raise GWL by the same value.
The most extreme precipitation event was observed in September 2013 when four days in a row the precipitation amount exceeded 15 mm per day. Rain started on 16 September 2013 (Fig. 12) -GWL raised 8.7 cm during the first five days, and 10.5 cm during eight days. The most intense GWL change was recorded on 18-19 September (2.8 and 3.1 cm/ day, respectively), i. e. on the 3rd and 4th days of heavy rains. The rain continued throughout next five days with a slight increase and stabilisation of GWL; after that GWL started to decrease. The analysis revealed that the strongest correlation between the cumulative precipitation sums and GWL change was formed on the second day of raining, i. e. correlation coefficients were equal to 0.99.
The effect of dry periods (>10 days without precipitation) on GWL changes was not significant during the cold period (October-March) because evapotranspiration is almost zero and GWL does not decrease. The analysis of 7 cases (Fig. 13) in the warm period (from April to September) revealed that GWL decrease depended on the duration of the dry period (the longest period without precipitation was 18 days). GWL fell from 2.0 to 7.4 cm during such events. 
CONCLUSIONS
1. The groundwater level (GWL) tends to decrease during the warm period in Čepkeliai and Rėkyva peatbogs. The largest average decrease was observed in the sand, while the smallest one in the thick layer of peat. GWL is the highest at the end of the cold season (middle of April) because of intensive snow melting processes.
The lowest values of GWL are reached in the middle of October. 2. Precipitation is the most important factor determining GWL fluctuations during the warm season as well as determining the annual changes in the peatbogs. Reaction of GWL fluctuations was very much determined by different soil types (sand, thin peat and thick peat layers) in Čepkeliai. In almost all cases the correlation between the annual and warm season precipitation and GWL values was the strongest in the sand, while in the thick layer of peat such relation was weaker. While the relationship between the 10-day rainfall anomalies and GWL changes is stronger in the thick layer of peat (correlation coefficient is 0.71 compared to 0.59 for sand).
3. The highest, statistically significant relationships were found between the GWL fluctuations and the hydrothermal coefficient (HTC), while the correlation of GWL changes with the potential evapotranspiration (PET), air temperature and precipitation amount were weaker or even statistically insignificant in Čepkeliai and Rėkyva peatbogs. It means that a complex of hydrothermal conditions could be used for the identification of warm season GWL fluctuations along with the precipitation amount.
4. The GWL fluctuations in the Rėkyva peatbog depends on the distance from Rėkyva Lake, absolute altitudes, thickness of the peat layer, and from the season of the year. In the cold season more distant boreholes had higher maximum and lower minimum GWLs than the ones closest to the lake. An opposite effect was found in the warm season: lower maximum and higher minimum GWLs were determined for distant boreholes than for the ones closest to the lake.
5. The effect of lasting rains on GWL increase was evaluated in the Rėkyva peatbog. The closest correlation existed for precipitation sums in a longer cumulative period (5-7 days). It means that the reactions of GWL to high precipitation amount show up throughout a week, and if the precipitation period is shorter than 4 days, the relation is not so strong. According to the September 2013 precipitation case the strongest correlation between the cumulative precipitation sums and GWL change was formed on the second day of raining.
